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(57) ABSTRACT

A balanced pressure regulator includes a valve body having a
fluid inlet and a fluid outlet connected by a fluid passageway.
A valve seat is disposed within the fluid passageway. A valve
plug is at least partially disposed within the fluid passageway,
the valve plug interacting with the valve seat to selectively
open or close the fluid passageway. A retainer operatively
connects the valve plug to a valve stem. A diaphragm sepa-
rates a chamber from the fluid passageway and a balancing
passage fluidly connects the fluid passageway with the cham-
ber. A balancing tube extends outward, away from the
retainer, fluidly connecting the fluid passageway with the
balancing passage.

20 Claims, 5 Drawing Sheets
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1
BALANCED REGULATOR WITH INLET
PRESSURE SENSING TUBE

FIELD OF THE DISCLOSURE

The disclosure generally relates to balanced pressure regu-
lators and more specifically to a balanced pressure regulators
having an inlet pressure sensing tube that senses inlet pressure
upstream of a valve seat.

BACKGROUND OF THE DISCLOSURE

Pressure regulating valves are used in myriad industrial
and residential applications for controlling the downstream
pressure of a fluid. For example, in chemical processing
plants or oil refineries, pressure regulating valves are used to
manipulate a flowing fluid to compensate for increases or
decreases in demand, or other load disturbances, and thus
keep the fluid pressure regulated. Similarly, pressure regulat-
ing valves may be used in plumbing fixtures to maintain a
pre-determined pressure of fluid that automatically adjusts to
variations in demand, such as anti-scald valves in showers or
faucets. By controlling downstream pressure, pressure regu-
lating valves compensate for variations in downstream
demand. For example, as downstream demand increases,
pressure regulating valves open to allow more fluid to flow
through the pressure regulating valve, thus maintaining a
relatively constant downstream pressure. On the other hand,
as downstream demand decreases, pressure regulating valves
close to reduce the amount of fluid flowing through the pres-
sure regulating valve, again maintaining a relatively constant
downstream pressure.

Pressure regulating valves can be categorized as either
balanced or unbalanced. Unbalanced valves typically have
high pressure inlet fluid on one side of the valve plug and
lower pressure outlet fluid on the other side of the valve plug.
Unbalanced valves suffer from an undesirable effect known
as decaying inlet characteristic. The decaying inlet character-
istic is a phenomenon in which an unbalanced valve experi-
ences an unintended increase in downstream pressure as the
upstream pressure decreases. This effect is undesirable as
most pressure regulating valves attempt to maintain a con-
stant downstream pressure. Decaying inlet characteristic is
caused by fluid forces on the high pressure side of the valve
plug attempting to move the valve plug to a closed position.
As a result, the valve must have some mechanism to oppose
this fluid force on the valve plug. Because the mechanism that
opposes the fluid force typically has a set point, the force
generated by such a mechanism is constant while the fluid
force on the inlet side of the valve plug may vary (e.g., due to
a decreasing supply of inlet fluid, or due to pressure variations
upstream of the valve). Decaying inlet characteristic is par-
ticularly important to applications having a limited com-
pressed fluid source, such as gas cylinders, tube trailers, or
hydrils, because in such applications, there is a fixed supply of
inlet fluid and thus, the inlet fluid pressure decreases as the
inlet fluid supply decreases.

Unbalanced valves also suffer from damage that occurs to
the valve seat. In unbalanced valves with high inlet pressures,
the fluid pressure acting on large valve orifices can crush the
valve seat. As a result, unbalanced valves are not ideal for
high pressure, large orifice applications.

To address the decaying inlet characteristic in higher flow
applications, balanced pressure regulators were developed. In
the balanced pressure regulator, a portion of the upstream
pressure is diverted to act on a downstream portion of the
valve plug. Thus, the valve plug is “balanced,” having the
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same fluid pressure act on both upstream and downstream
portions of the valve plug. In this way, the decaying inlet
characteristic is eliminated (or greatly reduced) because there
is no difference in the fluid forces acting on valve plug sur-
faces both upstream and downstream of the valve seat that
would tend to force the valve plug towards the closed posi-
tion. In other words, the valve plug itself generates very little,
or no opening/closing forces due to fluid pressures.

In diaphragm-type pressure regulators, higher pressure
fluid from an upstream or inlet side of the valve plug may be
vented through the valve plug to an opposite side of the
diaphragm to balance forces on the valve plug, similar to the
balanced regulators described above. Typically, this balanc-
ing of fluid forces is accomplished by incorporating one or
more vent channels or ports that extend through the valve plug
from the inlet side to an actuator side of the diaphragm.

A typical diaphragm-type pressure regulator is illustrated
in FIG. 1. The pressure regulator 10 includes a valve body 20
having a fluid inlet 22 and a fluid outlet 24 that are fluidly
connected by a passage 26. The passage 26 includes a throat
28 in which a valve seat 30 is disposed. A bonnet 32 houses a
load spring 34 that is connected to a valve stem 36. The valve
stem 36 is operatively attached to a valve plug 38. The valve
plug 38 interacts with the valve seat 30 to control fluid flow
through the valve body 20 from the inlet 22 to the outlet 24.

A diaphragm 39 is connected to the bonnet 32 and the valve
plug 38. The diaphragm 39 separates the passage 26 from a
cavity 40 in the bonnet 32 that contains the load spring 34.
The diaphragm 39 is responsive to pressure differences
between the passage 26 and the cavity 40.

A retainer 42 is attached to the valve stem 36 and retains the
valve plug 38 on the valve stem 36. The retainer may include
one or more fasteners 44, such as a nut, which are attached to
the valve stem 36. One or more balancing passages or chan-
nels 46 fluidly connect the passage 26 with a chamber 48
located between the valve plug 38 and the cavity 40. Fluid
forces on the valve plug 38 are balanced by fluid moving
through the balancing channels 46.

One problem with diaphragm-type balanced regulators,
such as the balanced regulator illustrated in FIG. 1 is that they
suffer from instability at high inlet pressures. In other words,
at high inlet pressures, the pressure balancing is difficult due
to flow characteristics through the balancing passages or
channels 46. This causes unbalanced forces to act on the valve
plug 38, which may cause the valve plug 38 to wildly or
erratically cycle within the valve body 20, which may lead to
erratic downstream pressure.

SUMMARY

In accordance with one exemplary aspect of the present
invention, a balanced pressure regulator includes a valve body
having a fluid inlet and a fluid outlet connected by a fluid
passageway. A valve seat is disposed within the fluid passage-
way. A valve plug is at least partially disposed within the fluid
passageway, the valve plug interacting with the valve seat to
selectively open or close the fluid passageway. A retainer
operatively connects the valve plug to a valve stem. A dia-
phragm separates a chamber from the fluid passageway and a
balancing channel fluidly connects the fluid passageway with
the chamber. A balancing tube extends outward, away from
the retainer, fluidly connecting the fluid passageway with the
balancing channel.

In another exemplary aspect of the present invention, a
balanced plug assembly includes a sleeve, a valve plug dis-
posed within the sleeve, the valve plug including a balancing
channel, and a retainer for operatively connecting the valve
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plug to a valve stem. A balancing tube extends outward, away
from the retainer, the balancing tube being fluidly connected
to the balancing channel.

In further accordance with any one or more of the forego-
ing aspects, a balanced pressure regulator and/or a balanced
plug assembly may further include any one or more of the
following preferred forms.

In some preferred forms, the balanced pressure regulator
and/or the balanced plug assembly may include an opening in
the balancing tube that is located upstream of a seating sur-
face of the valve seat, the opening may include a chamfered
surface or a plurality of openings disposed circumferentially
about the balancing tube. The opening may have one of a
circular, an oval, a square, a rectangular, a triangular, and a
slot shape. The balancing tube may have a length of between
50% and 150% of a length of the valve plug, preferably about
% 75 of the length of the valve plug.

In other preferred forms, the balanced pressure regulator
and/or the balanced plug assembly may include a bend in the
balancing tube, the bend having an angle of between 1° and
179°, preferably between 30° and 150°, and more preferably
between 60° and 120°.

In yet other preferred forms, the balanced pressure regula-
tor and/or the balanced plug assembly may include a seal
disposed between the retainer and the valve plug.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a prior art balanced
regulator;

FIG. 2 is a cross-sectional view of a balanced regulator
constructed in accordance with the teachings of the disclo-
sure;

FIG. 3 is a perspective view of a valve plug and a retainer
of the balanced regulator of FIG. 2;

FIG. 4 is a cross-sectional view of an alternate embodiment
of a balanced regulator constructed in accordance with the
teachings of the disclosure;

FIG. 5 is a perspective view of a valve plug and a retainer
of the balanced regulator of FIG. 4; and

FIG. 6 is a perspective view of an alternative embodiment
of the valve plug and retainer of FIG. 3.

While the disclosure is susceptible to various modifica-
tions and alternative constructions, certain illustrative
embodiments thereof have been shown in the drawings and
will be described below in detail. It should be understood,
however, that there is no intention to limit the disclosure to the
specific forms disclosed, but on the contrary, the intention is
to cover all modifications, alternative constructions, and
equivalents falling within the spirit and scope of the inven-
tion.

DETAILED DESCRIPTION

Referring now to the drawings and with specific reference
to FIGS. 2-5, a balanced pressure regulator is generally
referred to by reference numeral 110, 210. Where the bal-
anced pressure regulators of FIGS. 2-5 include elements that
correspond to the elements of the balanced pressure regulator
of FIG. 1, those elements will be numbered similarly, the only
difference being that the reference numerals of FIGS. 2-5
being increased by a multiple of 100. For example, corre-
sponding elements of FIGS. 2 and 3 will be numbered exactly
100 greater than the corresponding elements illustrated in
FIG. 1. Similarly, corresponding elements of FIGS. 4 and 5§
will be numbered exactly 200 greater than the corresponding
elements illustrated in FIG. 1.
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Turning now to FIGS. 2 and 3, the balanced pressure regu-
lator 110 includes a valve body 120 having a fluid inlet 122
and a fluid outlet 124 connected by a fluid passageway 126.
The fluid passageway 126 includes a throat 128 and a valve
seat 130 disposed in the throat 128. A bonnet 132 houses a
load spring 134 that is connected to a valve stem 136. The
valve stem 136 is operatively attached to a valve plug 138.
The valve plug 138 interacts with the valve seat 130 to control
fluid flow through the valve body 120 from the inlet 122 to the
outlet 124.

A balanced plug assembly 152 includes a sleeve 154, the
valve plug 138, and a retainer 142. The sleeve 154 has a
hollow bore that retains and guides the valve plug 138 as the
valve plug 138 reciprocates within the valve body 120 to
control fluid flow. The sleeve 154 may have an angled outer
surface 156 to enhance clearance within the valve body 120
and/or to enhance assembly of the balanced pressure regula-
tor 110. The sleeve 154 may also include one or more outer
annular shoulders 158 that may be clamped between the
bonnet 132 and the valve body 120 to locate and retain the
sleeve 154 within the valve body 120.

A diaphragm 139 is connected to the sleeve 154 and the
valve plug 138. The diaphragm 139 separates the passage 126
from a cavity 140 in the bonnet 132 that contains the load
spring 134. The diaphragm 139 is responsive to pressure
differences between the passage 126 and the cavity 140.

The retainer 142 is attached to the valve stem 136 and
operatively connects the valve plug 138 to the valve stem 136.
The retainer 142 may include one or more fasteners 144, such
as a nut, which are operatively connected to the valve stem
136. One or more balancing passages or channels 146 fluidly
connect the fluid passageway 126 with a chamber 148 located
between the valve plug 138 and the cavity 140. Fluid forces on
the valve plug 138 are balanced by fluid moving through the
balancing channels 146 from higher pressure regions to lower
pressure regions.

A balancing tube 160 extends outward, away from a bot-
tom 162 of the retainer 142. The balancing tube 160 is fluidly
connected to at least one balancing channel 146. The balanc-
ing tube 160 extends away from the bottom 162 ofthe retainer
142 sufficiently so that an opening 164 in the balancing tube
160 is located upstream of a seating surface 166 (that is
contacted by the valve plug 138 to prevent fluid flow through
the valve body 120). In other embodiments, the opening 164
may include a chamfered opening surface 364, or a surface
that otherwise directs the opening into the direction of fluid
flow from the inlet 122, as illustrated in FIG. 6. In yet other
embodiments, one or more openings 464 may be distributed
circumferentially around the balancing tube 160, as illus-
trated in FIG. 6. In such embodiments, the openings may be
generally rectangular in shape. In other embodiments, the
openings may take on virtually any other shape, such as
circle, oval, square, triangle, slot, irregular, or any other
shape. Particular shapes may be selected to aid in directing
local fluid flow into the openings at diftferent locations within
the passageway 126. In yet other embodiments, the balancing
tube 160 may include a combination of openings 164, cham-
fered openings 364, and circumferentially disposed openings
464.

In yet other embodiments, the balancing tube 160 may
have a length that is between 50% and 150% of a length of the
valve plug 138. In the embodiment illustrated in FIG. 2, the
balancing tube 160 has a length that is about 75% of'the length
of the valve plug.

The balancing tube 160 extends far enough into the throat
128 or fluid passageway 126 to reach a less turbulent region of
fluid as compared to turbulence in the region immediately
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surrounding the valve plug 138 and the valve seat 130. The
less turbulent regions of fluid reduce or eliminate boost pres-
sures caused by turbulent flow found in prior balanced regu-
lators. These boost pressures were found by the inventor to be
at least one cause of the instability of prior balanced regula-
tors at high inlet pressures.

The balanced plug assembly 152 may optionally include a
seal or o-ring 170 disposed between the retainer 142 and the
valve plug 138 to prevent turbulent flow in the vicinity of the
bottom 162 of the retainer 142 from entering the balancing
passages or channels 146.

Turning now to FIG. 4, the balanced pressure regulator 210
includes a valve body 220 having a fluid inlet 222 and a fluid
outlet 224 connected by a fluid passageway 226. The fluid
passageway 226 includes a throat 228 and a valve seat 230
disposed in the throat. A bonnet 232 houses a load spring 234
that is connected to a valve stem 236. The valve stem 236 is
operatively attached to a valve plug 238. The valve plug 238
interacts with the valve seat 230 to control fluid flow through
the valve body 220 from the inlet 222 to the outlet 224.

A diaphragm 239 is connected to the bonnet 232 and the
valve plug 238. The diaphragm 239 separates the passage 226
from a cavity 240 in the bonnet 232 that contains the load
spring 234. The diaphragm 239 is responsive to pressure
differences between the passage 226 and the cavity 240.

A retainer 242 is attached to the valve stem 236 and retains
the valve plug 238 on the valve stem 236. The retainer 242
may include one or more fasteners 244, such as a nut, which
are attached to the valve stem 236. One or more balancing
passages or channels 246 fluidly connect the passage 226
with a chamber 248 located between the valve plug 238 and
the cavity 240. Fluid forces on the valve plug 238 are balanced
by fluid moving through the balancing channels 246 from
higher pressure regions to lower pressure regions.

Similar to the embodiment illustrated in FIGS. 2 and 3, a
balancing tube 260 may extend outward from a bottom sur-
face 262 of the retainer 242. In other embodiments, the bal-
ancing tube 260 may extend outward from a bottom of the
valve plug. However, in the embodiment illustrated in FIGS.
4 and 5, the balancing tube 260 includes a bend 272 that
directs an opening 264 of the balancing tube into a direction
of'less turbulent fluid flow from the inlet 222. The balancing
tube 260 may extend a sufficient distance to locate the open-
ing 264 outside of the throat 228 and towards the inlet 222 of
the fluid passageway 226. The bend 270 may be approxi-
mately 90° in the embodiment illustrated in FIGS. 4 and 5. In
other embodiments, the bend may range from 1° to 179°,
preferably from 30° to 150°, and even more preferably from
60°t0 120°, depending on the relative orientation between the
inlet 222 and the throat 228. The bend 270 may be used to
precisely orient the opening 264 into the oncoming fluid flow
to enhance delivery of fluid into the balancing channels 246.

Any of the embodiments of balanced regulators or bal-
anced plug assemblies disclosed herein may be used to advan-
tageously direct less turbulent fluid flow from a region
upstream of a seating surface of a valve seat into one or more
balancing channels disposed within a valve plug. In this man-
ner, pressure boosting due to turbulent fluid flow may be
decreased or eliminated, making the disclosed balanced pres-
sure regulators less prone to instability at high inlet pressures.

As opposed to prior art balanced regulators, the balanced
regulators and balanced plug assemblies of the present dis-
closure may have significantly lower risks of instability, par-
ticularly at high inlet pressures. As a result, the disclosed
balanced pressure regulators and balanced plug assemblies
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6

enhance downstream fluid delivery and/or reduce premature
failure of valve components due to unnecessary reciprocation
of the valve plug.

Although certain balanced regulators and balanced plug
assemblies have been described herein in accordance with the
teachings of the present disclosure, the scope of coverage of
this patent is not limited thereto. On the contrary, while the
invention has been shown and described in connection with
various preferred embodiments, it is apparent that certain
changes and modifications, in addition to those mentioned
above, may be made. This patent covers all embodiments of
the teachings of the disclosure that fairly fall within the scope
of permissible equivalents. Accordingly, it is the intention to
protect all variations and modifications that may occur to one
of ordinary skill in the art.

What is claimed is:

1. A balanced pressure regulator, comprising:

a valve body having a fluid inlet and a fluid outlet con-
nected by a fluid passageway;

a valve seat disposed within the fluid passageway;

a valve plug at least partially disposed within the fluid
passageway, the valve plug interacting with the valve
seat to selectively open or close the fluid passageway;

a retainer operatively connecting the valve plug to a valve
stem;

a diaphragm separating a chamber from the fluid passage-
way;

a balancing passage that fluidly connects the fluid passage-
way with the chamber; and

a balancing tube extending outward, away from the
retainer, the balancing tube fluidly connecting the fluid
passageway with the balancing passage through the
retainer, the balancing tube being radially offset from a
center of the retainer, but radially inward from an edge of
the retainer,

wherein the balancing tube extends from a bottom of the
retainer and the balancing tube extends through the
valve seat and into a throat of the fluid passageway
upstream of a seating surface on the valve seat.

2. The balanced pressure regulator of claim 1, further
including a seal disposed between the retainer and the valve
plug.

3. The balanced pressure regulator of claim 1, wherein the
balancing tube includes an opening that is located upstream
of a seating surface of the valve seat.

4. The balanced pressure regulator of claim 3, wherein the
balancing tube has a length of between 50% and 150% of a
length of the valve plug.

5. The balanced pressure regulator of claim 3, wherein the
balancing tube has a length of approximately 75% of a length
of the valve plug.

6. The balanced pressure regulator of claim 3, wherein the
opening includes a chamfered surface.

7. The balanced pressure regulator of claim 3, further com-
prising a plurality of openings located circumferentially
around the balancing tube.

8. The balanced pressure regulator of claim 3, wherein the
opening has a shape that is one of circular, oval, square,
rectangular, triangular, and slot.

9. The balanced pressure regulator of claim 3, wherein the
balancing tube includes a bend that locates an opening of the
balancing tube outside of the throat towards the fluid inlet and
that directs an opening of the balancing tube in an upstream
direction towards the fluid inlet.

10. The balanced pressure regulator of claim 9, wherein the
bend has an angle of between 1° and 179°.
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11. A balanced plug assembly for a balanced pressure
regulator, the balanced plug assembly comprising:

a sleeve having a hollow bore;

avalve plug disposed within the hollow bore of the sleeve,

the valve plug being retained and guided by the sleeve,
the valve plug including a balancing channel;

a retainer for operatively connecting the valve plug to a

valve stem; and
a balancing tube extending outward, away from the
retainer, the balancing tube being fluidly connected to
the balancing channel through the retainer, and the bal-
ancing tube being radially offset from a center of the
retainer, but radially inward from an edge of the retainer,

wherein the balancing tube extends from a bottom of the
retainer and the balancing tube extends through a valve
seat and into a throat of a fluid passageway.

12. The balanced plug assembly of claim 11, further
including a seal disposed between the retainer and the valve
plug.

13. The balanced plug assembly of claim 11, wherein the
sleeve includes an angled outer surface.
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14. The balanced plug assembly of claim 11, wherein the
balancing tube includes an opening.

15. The balanced plug assembly of claim 14, wherein the
balancing tube has a length of between 50% and 150% of a
length of the valve plug.

16. The balanced plug assembly of claim 14, wherein the
opening includes a chamfered surface.

17. The balanced plug assembly of claim 14, further com-
prising a plurality of openings located circumferentially
around the balancing tube.

18. The balanced plug assembly of claim 14, wherein the
opening has a shape that is one of circular, oval, square,
rectangular, triangular, and slot.

19. The balanced plug assembly of claim 14, wherein the
balancing tube includes a bend that locates an opening of the
balancing tube outside of the throat towards a fluid inlet and
that directs an opening of the balancing tube in an upstream
direction towards the fluid inlet.

20. The balanced plug assembly of claim 19, wherein the
bend has an angle of between 1° and 179°.

#* #* #* #* #*



